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FIG. 1 



U.S. Patent Jun. 19, 2001 Sheet 2 of4 US 6,248,083 B1 

well No _.o 

wmw m: 

\w: 5 

mm NE E 
25 



U.S. Patent Jun. 19, 2001 Sheet 3 of4 US 6,248,083 B1 

FIG. 3 
U(P,T)out (0V) 

PRESSURETmmHg) 

FIG. 4 

U(P,T)‘0ut (NV) 

/ 
U(T)out (0V) 



U.S. Patent Jun. 19, 2001 Sheet 4 of4 US 6,248,083 B1 

,./16 
/'14 
/ 

12 

10 2c 3 17% 



US 6,248,083 B1 
1 

DEVICE FOR PRESSURE MEASUREMENTS 

The Applicants hereby claim the bene?t of PCT appli 
cation PCT/SE98/00541, ?led Mar. 25, 1998 (and Which 
designated the United States and Was published as WO 
98/42253), and US. Provisional Application 60/042,387, 
?led Mar. 25, 1997. the entire contents of this PCT appli 
cation and US. Provisional application are incorporated 
herein by reference. 

The present invention relates to a device for in situ 
pressure measurements, especially intracoronary pressure, 
said device comprising a guide Wire having a pressure 
sensor provided at its distal end. In particular the invention 
relates to a such a device having a disconnectable guide 
Wire, Wherein there is provided temperature compensation 
circuitry external of said guide Wire. 

BACKGROUND OF THE INVENTION 

Most conventional pieZoresistive pressure sensors employ 
the full bridge principle, ie an entire Wheatstone bridge, 
comprising four resistors, is located on a membrane. There 
are certain advantages With such a solution, and some 
disadvantages. The advantages are that they have a high 
sensitivity, little temperature sensitivity, and a loW off set. 

The major disadvantage is that they are bulky and thus 
impose a loWer limit on the dimensions of the sensor. 

Another major problem associated With all pressure 
sensors, and in particular With ultraminiature pressure 
sensors, is to manage to manufacture identical elements in 
all batches over time. It is virtually inevitable that the sensor 
characteristics differ from sensor to sensor and hence there 
Will alWays be a need for some kind of individual calibration 
of each sensor. Typically it is necessary to calibrate the 
output signal for a change in temperature, ie the pressure 
response of each sensor Will have individual and varying 
degrees of temperature dependence. 

In European patent application 851009225 
(corresponding to US. Pat. No. 4,734,873) there is disclosed 
to store the sensor characteristics in a PROM and to utiliZe 
a computer for the calculation of the calibrated signal. 

Another alternative used for pieZoresistive pressure sen 
sors is to integrate a resistor net on the chip or in the vicinity 
of the chip, in order to normaliZe the signals. 

Sensors from CAMINO and other pressure sensor devices 
comprise components that have been individually matched 
for the sensor element in order to calibrate the sensor device. 

US. Pat. No. 5,551,301 (Cardiometrics) discloses a 
method of calibrating a sensor using tWo ampli?ers and a 
computer. 
An important problem associated With the ultraminiature 

devices comprising additional resistors and/or other 
components, such as PROMs, provided on the device, is the 
small dimensions of the sensor. The mentioned components 
are simply too large to be easily integrated in a sensor 
element, if the necessary degree of miniaturiZation is to be 
achieved. There may also be required too many connection 
leads betWeen the sensor and the electronic circuitry, Which 
prevents the miniaturiZation. The higher the number of leads 
is, the closer to each other the leads have to be placed, and 
thus the higher the risk for short-circuit and damage on the 
leads Will be. 

Another important aspect of employing guide Wires, is 
that it is necessary to be able to disconnect the guide Wire 
from external devices. This is because for eg dilatation 
purposes, after having measured pressure and identi?ed a 
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2 
stricture, it Will be necessary to insert a balloon catheter in 
the coronary vessel. This catheter is inserted by threading it 
into the guide Wire, and using the guide Wire to pass the 
balloon to the desired site of dilatation. Therefore the guide 
Wire and an interface cable must be connectable to and 
disconnectable from each other in order to alloW this inser 
tion of a balloon catheter. 

SUMMARY OF THE INVENTION 

In vieW of the above, the object of the invention is to 
provide devices for pressure measurements having an ultra 
miniature sensor and calibration/compensation circuitry spe 
ci?c to each individual sensor. This object is achieved With 
the device described herein. 

According to the invention, by separately locating bulky 
portions of the necessary circuitry, or elements or compo 
nents of such circuitry that are very difficult to miniaturiZe, 
such as storage means for sensor speci?c calibration data, on 
an interface cable that is disconnectable from a guide Wire 
carrying the sensor, or by splitting the Wheatstone bridge in 
tWo parts, one part located on the sensor chip, the other on 
said interface cable, several advantages are obtained. 

First, the miniaturiZation of the sensor can be driven 
further, secondly the manufacture of the calibration and 
compensation circuitry is much simpler, thirdly each chip 
may be treated as an individual, and thus variations in the 
manufacture process Will be of minor importance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will noW be described in detail With refer 
ence to the draWings, in Which 

FIG. 1 is an overvieW of the device including the thin 
?exible distal part, the cable betWeen the thin distal part and 
the electronic unit including means for calibration; 

FIG. 2 shoWs a ?rst embodiment of the invention, com 
prising separation of a double Wheatstone bridge for the 
active calibration; 

FIG. 3 is a pressure calibration curve at constant tem 

perature; 
FIG. 4 is temperature off set curve at constant pressure; 

and 
FIG. 5 shoWs a second embodiment comprising an elec 

trical circuit With a net of resistors for calibration of the 
sensor. 

PREFERRED EMBODIMENTS AND BEST 
MODE OF OPERATION 

An overvieW of the basic concept and design of the 
apparatus of the invention is shoWn schematically in FIG. 1. 

Thus, the device for pressure measurements according to 
the present invention comprises a thin and ?exible guide 
Wire 2, suitably having an external diameter of approxi 
mately 0.36 mm. An interface cable 4 is also provided. The 
guide Wire and the interface cable are connectable With each 
other via a suitable connector 6 having mating male 6a and 
female 6b parts. The male part is provided by the proximal 
end of the guide Wire 2, and the female part is provided on 
the distal end of the interface cable 4. Suitably, the connector 
means disclosed in our applications PCT/SE98/00542 (?led 
Mar. 25, 1997), 09/047,456 (?led Mar. 25, 1998), and 
08/927,677 (?led Sep. 10, 1997) are used. The interface 
cable 4 is connectable to electronic means 8 for signal 
processing, such as a computer or some other control unit. 

Also shoWn in FIG. 1 is a balloon catheter 5 having been 
threaded onto the guide Wire 2. This is simply achieved by 
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disconnecting the guide Wire 2 from the interface cable 4, 
and passing the balloon catheter 5 onto the guide Wire 2, and 
When the balloon catheter is properly located, the guide Wire 
may be connected again for further measurements. There 
may also be another catheter (not shoWn) disposed on the 
guide Wire, Which Was initially used for locating the guide 
Wire. Such a catheter is normally Wide enough that the 
balloon catheter be inserted inside it, in the space betWeen 
the guide Wire and said catheter. 

The guide Wire comprises a solid core Wire extending 
along the length thereof, electrical leads being provided on 
said core Wire, under a protective tubing Which is provided 
on the core Wire. Apressure sensor 14 is mounted on the core 
Wire, in the distal end 16 portion of the guide Wire. 

The device of the invention comprises electrical circuitry 
for calibration and/or temperature compensation purposes 
(various embodiments thereof to be described in detail 
beloW). The electrical circuit means comprises a pressure 
dependent part provided on said guide Wire, and a pressure 
independent part provided on the proximal side of said 
connector. The pressure sensitive element on the sensor 14 
forms part of said electrical circuit means. 

Furthermore there is provided information storing means 
on said interface cable. This storing means contains calibra 
tion and/or temperature compensation data, characteristic of 
said sensor element. 

The information storing means may be an EPROM 20, 
containing information representing a calibration curve for 
said pressure sensor, the contents of the EPROM being read 
out to a control unit, such as a computer, and used in 
calculation of corrected pressure values. 

The information storing means may also be implemented 
in said electrical circuit as a resistor net, comprising one or 
more compensation resistors. The resistors are trimmed at 
manufacture. Thereby the calibration information becomes 
inherent in the circuit. 

It is also conceivable that the information storing means 
be a bar code 22 provided on a label on said interface cable. 
The bar code may e.g. represent a 20-digit number, Which is 
sufficient to de?ne a complete calibration curve. In order to 
make use of said information the user Would read the 
barcode into the computer by conventional means, such as 
a light pen, and the computer Would then be able to add or 
subtract a correction from the signal received from the 
measurement and thus to calculate correct pressure. 

First Embodiment (Active Calibration) 
With reference to FIG. 2 a ?rst embodiment of the device 

according to the invention comprising means for calibrating 
Will noW be described. The employed calibration principle is 
referred to as an “active” temperature calibration. In active 
calibration, temperature dependence characteristics are 
determined and stored, for example, in a PROM, and each 
measurement signal is temperature compensated at the time 
of measurement. 

The electric circuit in this case is a double Wheatstone 
bridge, Wherein the active (pressure sensitive element) 
pieZoresistor Ra is located on the membrane 17 of the sensor 
14. The passive (pressure independent element) register RF 
is mounted in the vicinity of Ra, by preferably on a substrate 
15 and not on the membrane. First end of both Ru and RF is 
connected to common ground. The remaining resistors R1_4 
are ?xed resistors, and are located external of the sensor, 
preferably in an external control unit or on the interface 
cable. A second end of Ra is connected via a suitable lead 12 
to a ?rst end of one ?xed resistor R1. The second end of R1 
is connected to an excitation voltage source. A second end 
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4 
of RF is connected via a suitable lead 12 to a ?rst end of 
another ?xed resistor R2. The second end of R2 is connected 
to the same excitation voltage source as R1. Fixed resistors 
R3 and R4 are connected in series to the common ground. At 
the other end R3 and R4 are connected to the same excitation 
voltage as R1 and R2. 

There are three voltages U1, U2, U3 (reference ground) of 
interest in the bridge. U1 exists at a point betWeen R1 and Ra. 
U2 exists at a point betWeen R2 and RP. U3 exists at a point 

betWeen R3 and R4. The temperature and pressure dependent 
signal corresponding to 

U<R Dom‘: U1- U2 

is continuously monitored, as is the difference 

UGDWFUT U3 

Which represents the temperature dependent signal. 
When the guide Wire has been assembled the calibration 

is performed as folloWs: 
The proximal end is connected to an interface cable via a 

female connector, and the assembly is connected to the 
control unit via the proximal contact of the interface cable. 
The sensor is immersed in a constant temperature Water bath 
inside a pressure chamber. The temperature is normally kept 
at approximately 37° C., the important thing hoWever being 
that it be constant. The quantity U(P,T)OM,=U1—U2 is moni 
tored While the pressure is increased, and a plot of U(P,T)Om 
vs P is obtained, an example of Which being shoWn in FIG. 
3. The slope K37 of this plot represents the sensitivity for the 
sensor at 37° C., and is stored in said information storing 
means. This means that the uncompensated pressure value is 
calculated as P=U0m/K37, assuming no temperature depen 
dence of the sensitivity. 
The sensitivity, K37, is itself slightly temperature 

dependent, and could in principle be determined separately 
and used for further compensation. HoWever, at present the 
sensor is calibrated at 37° C., and a minor error at 20° C. is 
accepted. If said temperature dependence factor is deter 
mined separately it may be stored in said storing means 
together With other calibration data. 

Next the so called Temperature Offset (TO) is measured. 
This is done by immersing the sensor in a Water bath at 
atmospheric pressure and changing the temperature, While 
monitoring U(P,T)0m. at the same time U(T)Om is monitored 
and the tWo quantities are plotted against each other, as 
shoWn in FIG. 4. 

Thus, a plot of U(P,T)Om vs U(T)Om is obtained, the slope 
of Which, TO, is also stored in said information storing 
means, and is then used to calculate the off set at a given 
pressure. The calculated offset Will then be deducted from 

U(P,T)0m. 
The actual pressure is calculated as 

Other compensation parameters and system parameters may 
be stored in said storing means, eg information regarding 
inherent imbalance of the bridge. 
When an absolute pressure sensor is utiliZed, variations in 

ambient pressure Will be accounted for by means of a 
barometer provided inside the control unit. 

Second Embodiment (Passive Calibration) 
With reference to FIG. 5, another Way of calibrating the 

sensor Will noW be described, namely What We refer to as a 
“passive” temperature calibration. By “passive” We mean 
that each circuit has been set at manufacture by trimming the 
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resistors to ?xed resistance values. This is in contrast to the 
“active” calibration discussed above, Where the temperature 
dependence characteristics are determined and stored in a 
PROM, and each measurement signal is temperature com 
pensated at the time of measurement. 

The passive calibration balances out the difference in 
temperature sensitivity of the tWo resistors on the sensor 
chip. Therefore the output signal from the measurement 
circuit can be used as a direct pressure indicative signal. 

The resistors on the sensor are labeled as above, Ra for the 
active (pressure sensitive) and RP for the passive resistor. 
As shoWn in FIG. 5 the active resistor Ru and the passive 

resistor RP are provided on the sensor chip 15, at least Ra 
being mounted on a membrane 17. RF is preferably mounted 
adjacent Ra but on the silicon substrate and not on the 
membrane in order to eliminate the in?uence of pressure on 
the resistance of RP. One end of both resistors are connected 
to a common terminal at the same electric potential, namely 
ground. The other ends of Ru and RP are connected to 
electrical leads 12, disposed inside the guide Wire 2, and 
ending in a proximal end of said guide Wire, forming a male 
part of a connector device 6. The actual passive calibration 
circuit is provided on an interface cable 4, ie a cable of 
larger dimensions, interfacing With external poWer supplies, 
calculation means such as computers, monitors etc. 

The passive calibration circuit comprises three resistors 
R1, R2 and RC. The resistors Ra, RP, R1 and R2 form a 
Wheatstone bridge, and Ru and RP are coupled into the tWo 
branches respectively of said Wheatstone bridge, Whereby 
R1 and R2 are connected in series to Ru and RP respectively, 
Whereby the other ends of Ru and RP are connected to 
common ground. R1 and R2 are connected to a common 
excitation voltage source. For brevity the term resistor net 
denoted Rx is used. 

In order to balance out the difference in temperature 
dependence betWeen Ru and RP, said additional resistor RC 
is connected in series in the branch of the bridge having the 
largest TCR value. TCR (Temperature Coef?cient of 
Resistance) is de?ned as 

Wherein T2 represents an elevated temperature, e.g. 40° C., 
and T1 represents ambient temperature, e.g. 20° C. 
TWo voltages are of interest, namely U1 existing at a point 

betWeen Ru and R1, and U2 existing at a point betWeen R2 
and RC. Reference is ground potential. 
By this compensation the output U1—U2 Will be directly 

representative of the pressure, and no calculation Will be 
needed to obtain a correct pressure. 

Acalculation of the value of RC Will be given beloW as an 
example. 

EXAMPLE 

Let us assume that Ra=2500 ohm, and has a temperature 
coef?cient (TCR) of 470 ppm/°C., and that Rp=2300 ohm, 
and TCR=500 ppm/°C. 

In this case TCRP should be decreased to the value of 
TCRa. The folloWing equation (1) can be used to ?nd the 
value of RC: 

Which gives 

comp 

and inserting the assumed values 
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The bridge is Zeroed for atmospheric pressure and 20°C. 
The values of R1 and R2 are obtained approximately from 
equation (4): 

(Ra/R1)=(Rp+Rc)/(R2) (4) 
In practice so called laser trimming, Which is a Well 

knoWn technique for balancing resistor nets, may be 
employed to set RC to a correct value. As shoWn in FIG. 5 
the resistor RC is connected in series With RP. HoWever it 
could happen that the imbalance in the bridge requires that 
RC be connected in series With Ra. Therefore, in the actual 
trimming set up, there Will be tWo variable resistors con 
nected in series With Ru and RP respectively. The trimming 
procedure is then an iterative procedure Where the result of 
an incremental trimming is fed back and the trimming is 
adjusted until a balanced bridge is obtained. Therefore, in 
practice the bridge shoWn in FIG. 5 is an equivalent repre 
sentation of an actual bridge. 

Other methods of trimming may also be employed, and it 
is Within the ability of the skilled man to ?nd suitable 
methods. For example is is equally Well possible to connect 
RC in parallel. 
The basic principle of the invention of providing a guide 

Wire assembly in tWo disconnectable parts, is of course 
applicable to other measurement types than pressure 
measurements, e.g. ?oW measurements, temperature 
measurements, pH measurements etc. The thing of impor 
tance is that the measurement bridge is split/divided in tWo 
parts, one part sensitive to the parameter to be measured, and 
another part non-sensitive to said parameter. 
The device according to the invention comprising a guide 

Wire provided With a pressure sensor, is particularly usable 
for performing pressure measurements in coronary vessels, 
and for alloWing balloon dilation therein by means of a 
balloon catheter, Without the need of removing neither said 
balloon catheter nor said guide Wire and pressure sensor. 

To this end a guide catheter is inserted in the arterial 
vessel and secured therein as a ?rst step. Then, a guide Wire 
having a pressure sensor mounted at its distal end, and a 
connector at its proximal end is provided. The guide Wire is 
passed inside said guide catheter to a desired measurement 
location. The guide Wire is thus located at a desired mea 
surement location in a coronary vessel. 
Then the guide Wire is connected to suitable external 

means for processing pressure signals from said sensor. A 
pressure measurement is performed if desired. The guide 
Wire is disconnected from said external means, and a balloon 
catheter is passed onto said guide Wire, and located at a 
desired point for dilatation. The guide Wire is again con 
nected to said external means. Dilatation is performed and 
again a pressure measurement is performed if desired for 
control purposes. 
The invention being thus described, it Will be obvious that 

the same Way be varied in many Ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention, and all such modi?cations as Would be 
obvious to one skilled in the art are intended to be included 
Within the scope of the folloWing claims. 
What is claimed is: 
1. A guide Wire assembly, comprising 
a guide Wire (2) having a distal end portion (16) and a 

proximal end, Wherein a measuring device (14) is 
mounted in the distal end portion (16) of said guide 
Wire (2); 

an interface cable (4) having a ?rst end connectable to a 
control unit (8), and having a second end connectable 
(6) to the proximal end of said guide Wire (2); and 
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information storing means (20; 22; Rx) provided on said 
interface cable (4) and containing calibration-/ 
temperature compensation data, uniquely characteristic 
of said measuring device (14), said data and an uncom 
pensated output from said measuring device forming 
the input for calculation of a correct measurement 
value. 

2. The assembly of claim 1 Wherein said information 
storing means is an EPROM (20), containing a calibration 
curve for said measuring device (14). 

3. The assembly of claim 1 Wherein said information 
storing means is a resistor net (Ra, RP, R1, R2, RC) compris 
ing a compensation resistor (RC). 

4. The assembly of claim 3, Wherein said resistor net 
comprises ?ve resistors (Ra, RP, R1, R2, RC), said resistors 
(Ra, RP, R1, R2) forming a Wheatstone bridge, Wherein 
resistor (Ru) and resistor (RP) are coupled into the tWo 
branches respectively of said Wheatstone bridge, Whereby 
(R1) and (R2) are connected in series to (Ru) and (RP) 
respectively, Whereby the other ends of (Ru) and (RP) are 
connected to common ground, and Wherein (R1) and (R2) are 
connected to a common excitation voltage source, and 
Wherein (RC) is connected betWeen (R2) and (RF). 

5. The assembly of claim 2, comprising a double Wheat 
stone bridge, comprising a sensor having an active (pressure 
dependent resistor) (Ru), and a passive (pressure indepen 
dent element) resistor (RP) mounted in the vicinity of (Ra) a 
?rst end of both (Ru) and (RP) being connected to common 
ground, and four additional resistors (R1_4) being ?xed 
resistors, and located external of said sensor, preferably in an 
external control unit or on said interface cable, a second end 
of (Ra) being connected via a suitable lead to a ?rst end of 
one ?xed resistor (R1) the second end of (R1) being con 
nected to an excitation voltage source, and a second end of 
(RP) being connected via a suitable lead to a ?rst end of 
another ?xed resistor (R2), the second end of (R2) being 
connected to the same excitation voltage source as (R1) said 
?xed resistors (R3) and (R4) being connected in series to said 
common ground, and (R3) at the other end being connected 
to the same excitation voltage as (R1) and (R2). 

6. The assembly of claim 1 Wherein said information 
storing means is a bar code (22) provided on a label on said 
interface cable 

7. A guide Wire assembly, comprising 
a guide Wire (2) having a distal end portion (16) and a 

proximal end, Wherein a measuring device (14) is 
mounted in the distal end portion of said guide Wire; 

an interface cable (4) having a ?rst end connectable to a 
control unit (8), and having a second end connectable 
(6) to the proximal end of said guide Wire (2) by means 
of a suitable connector (6); and 

a Wheatsone bridge comprising tWo half bridges, one half 
bridge located on said measuring device (14), the other 
located on a proximal side of said connector 

8. A guide Wire assembly for pressure measurements, 
comprising 

a guide Wire (2) having a distal end portion (16) and a 
proximal end; 

a pressure sensitive element (14) mounted in the distal 
end portion (16) of said guide Wire (2); 

an interface cable (4) having a ?rst end connectable to a 
control unit (8), and having a second end connectable 
to a proximal end of said guide Wire, by means of a 
connector (6) comprising mating male and female 
parts, said male part being provided on said guide Wire, 
said female part being provided on said interface cable; 

an electrical signal generating circuit comprising a pres 
sure dependent part provided on said guide Wire, and a 
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8 
pressure independent part provided on the proximal 
side of said connector, said pressure sensitive element 
forming part of said electrical signal generating circuit; 

information storing means provided on said interface 
cable and containing calibration-/temperature compen 
sation data, uniquely characteristic of said sensor 
element, said data and the uncompensated output from 
said electrical signal generating circuit means forming 
the input for calculation of a pressure value. 

9. A system for pressure measurements and coronary 
vessel dilatation, comprising 

a guide Wire (2) having a distal end portion (16) and a 
proximal end, Wherein a pressure measuring device 
(14) is mounted in the distal end portion (16) of said 
guide Wire (2); 

an interface cable (4) having a ?rst end connectable to a 
control unit (8), and having a second end connectable 
(6) to the proximal end of said guide Wire (2); 

information storing means (20; 22; Rx) provided on said 
interface cable (4) and containing calibration-/ 
temperature compensation data, uniquely characteristic 
of said measuring device (14), said data and an uncom 
pensated output from said measuring device forming 
the input for calculation of a correct measurement 

value; 
a guide catheter for insertion in the arterial vessels and for 

guiding said guide Wire to its desired location; 
a balloon catheter for dilatation adapted to be passed over 

said guide Wire and located at a desired location in said 
vessel. 

10. A guide Wire assembly, comprising: 
a guide Wire having a distal end and a proximal end, a 

sensor being mounted near the distal end of said guide 
Wire; 

a cable having an end connectable to the proximal end of 
said guide Wire; and 

an electronic device provided on said cable for compen 
sating said sensor. 

11. A guide Wire assembly as set forth in claim 10, 
Wherein the sensor is a pressure sensor. 

12. A guide Wire assembly as set forth in claim 10, further 
comprising a connector betWeen the guide Wire and the 
cable. 

13. A guide Wire assembly as set forth in claim 10, 
Wherein the electronic device stores compensation data 
speci?c to the sensor. 

14. A guide Wire assembly as set forth in claim 10, 
Wherein the electronic device stores temperature compen 
sation data speci?c to the sensor. 

15. A guide Wire assembly as set forth in claim 10, 
Wherein the electronic device includes an EPROM. 

16. A guide Wire assembly as set forth in claim 10, 
Wherein the electronic device stores pressure compensation 
data speci?c to the sensor. 

17. A guide Wire assembly as set forth in claim 10, 
Wherein the sensor is a How sensor. 

18. A guide Wire assembly as set forth in claim 
Wherein the sensor is a temperature sensor. 

19. A guide Wire assembly as set forth in claim 
Wherein the sensor is a pH sensor. 

20. A guide Wire assembly as set forth in claim 
Wherein the electronic device includes a resistor net. 

21. A guide Wire assembly as set forth in claim 
Wherein the electronic device includes a memory. 
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